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2 Steps in ISRU Process

1. Prospecting:

 Determine “water reserves”

* Reserves - raw material in-situ that
is feasible to extract and processed
with proposed mining approach.

* Prospecting needs to answer:
 How much
Where
 How to extract etc.

2. Production:

« Extraction and processing (if
needed) of the raw material to form

final product (in our case it’s water)




Two considerations...



It is not just water

Abundances of volatile compounds in the ejecta plume of | ‘g :
LCROSS impact (Colaprete, 2010) ' ¥’
Compound Molecules cm™ % Relative to H,0(g)*

H,0 5.1(1.4)E19 100.00%
H,S 8.5(0.9)E18 16.75%
NH 3.1(1.5)E18 6.03%
S0, 1.6(0.4)E18 3.19%
C,H, 1.6(1.7)E18 3.12%
Co, 1.1(1.0)E18 2.17%
CH30H 7.8(42)E17 1.55%
CHq 3.3(3.0)E17 0.65%
OH 1.7(0.4)E16 0.03%

Recommendation:
 Need Mass Spectrometer to accurately determine all volatile species.




Where to go is not just about water ®

Heldmann, et al., 2012
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Recommendation:
 Need more than one data point (rover, several landers)

 Need Neutron Spectrometer and Near-IR Spectrometer
 Need excavation system to delivery samples




Concern #1: Excavation of Icy Soil



>3%

1%

[
—+-100%
——12%
—+—5%
——3%
——1%
——0.5%

——AD (0.2%) "

V)
—+—0%
0.5A
7=\
—
—
~
Pp—
——— 1
— - —_
_.4——\,/\/ —_ fﬂ/—ﬂdﬁ—ﬂf—ﬁ\/’
— T PRV TSP YS ) 200 AAASRSREI _.—_‘_’__‘d— .......... 0000
o A BAOSOGOGROID
/ N OOOCOOK) e abataa
% A AIOOORPOOGNIY |
s v, A ADAPABAOOORN O
v M T SoOARROIOND
5, IO_J,,{; D
AN AN
V
| | | l |

Depth (mm)

35



Strength of icy-soil, >3 wt%

Atkinson and Zacny (2018)
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Recommendation:
« Need Percussive drill




Concern #2: Volatiles capture



Sublimation rate
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Sublimation rate for 1 micron ice particle ®

Andreas, 2006
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Tests at Lunar conditions (NASA GRC)
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Drill Test Results

Courtesy: J. Kleinhenz
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Recommendation:
* Need fast sampler delivery system or volatiles delivery system




Solution: PVEXx
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« Hammer drill - can cut strong material
» Coring auger - captures regolith

» Swivel/slipring - heats up and delivers volatiles Mass Spec/Cold Trap

Slip Ring

Swivel

PVEXx
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Drilling tests

NU-LHT-2M,
Material Ice, -20C Texas LS Indiana LS
5 wt%, -20C
Drill LITA TRIDENT
Strength MPa 5
Rate of Penetration = cm/min
Power (electrical) w
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Tests in 5 wt% NU-LHT-2M, -20C

Cold Trap ‘
Drill Head [l | |

NU-LHT-2M
5 wt%




Drill data can provide wt% and form of ®%
water-soil

Basalt

Energy, [Whr] = 2.6*UCS

Frozen soil

v

For given water wt%

« If drilling energy is high -> ice-cemented ground and water wt%
« |If drilling energy is low-> ice mixed with soil

\ 4
/Sandstone

Bit: 1in .
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Ice Limestone
—A 12 wt% soil
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Volatile Delivery to MS (Prospecting)




PVEx on Prospecting Rover

Plan
Extractor




PVEx on CLPS Lander

OrbitBeyond
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e deltaPressure: O 110 0.3 Pa




Summary of End-to-End Tests

 NU-LHT-2M R
« 1.6 g/cc
« -20C

« 1.5¢g/cc |
« Chamber pressure: 6 torr

COLLECTED WATER

| Watersat | Driling Water Extraction
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Conclusions

\ 4

P\IEB( can be used for:
— Prospéchng (delivery of volatiles to MS)
= Mlnlng (ISRU)

 PVEx demonstrated drilling and volatiles
delivery

Illustration: John‘MacNeitlt



Thank you!
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